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HYBRID ZIEGLER-NA_TTA AND CYCLOALKADIENYL
CATALYSTS FOR THE PRODUCTION OF POLYOLEFINS

BACKGROUND OF THE INVENTION _
1. Field of the Invention

The present invention relates to a hybrid catalystl system
containing a mixed metal alkoxide Ziegler-Natta portion and a
cycloalkadienyl portion, which is useful for producing polyolefins
including broad molecular weight and bimodal polyoleﬁns. The
invention also relates to methods of making the hybrid catalyst, and its
use in making polyolefins having a bimodal molecular weight
distribution. |

2. Description of Related Art

For certain applications of pdlyethylex_le, toughness, strength
and environmental  stress cracking resistance are important
considerations. These properties are enhanced when the.polyethylene
is of high molecular weight. However, as the molecular weight of the
polymer increases, the processability of the resin usually .decreases.
By providing a polymer with a broad or bimodal molecular weight
distribution, the properties characteristic of high molecular weiéht
resins are retained and processability, particularly extrudability, is
improved. | A --

Bimodal molecular weight distribution of a polyolefin indicates
that the polyolefin resin comprises two components of different average
molecular weight, and implicitly requires a relatively higher molecular
weight component and low molecular weight component. A ngmber of
approaches have i?een proposed to produce polyolefin resins with broad
or bimodal molecular weight distributions. One is post-reactor or melt

blending, in -which polyolefins of at least two djﬁ‘erent molecular
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weights are blended togethe'r.befor_e or during processiné. U.S. Pat.
No. 4,461,873 discloses a method. of ‘physically blending two different
polymers to produce a bimodal polymeric blend. These physically
produced blends; however, -uEually contain high gel levels, and
consequently, they are not used in film applications and other resm
applications because of deletenous product appearance due to those
gels.. In addition, this procedure of physically blending resins suffers
from the requirement for complete homogemzatlon and attendant high
cost. ‘ _

A secopd approach to making bimodal polymers is the use of
multistage reactorS. Such -a process relies on a two (or more) reactOI
set up, whereby in one reactor, one of the two components of the
bimodal blend is: produced under a certain set of conditions, and then
transferred to a second reactor, where a: second component is produced

with a different molecular weight, under a different set of conditions

. from those in the first reactor. These bimodal polyolefins are capable

of solving the abo_v_e-mentione,(_l problem associated with gele, but there
are obvious process efficiency and capital cost concerns when multiple
reactors are utilized. In addition, it is difficult to avoid producing '
polyolefin particles that have not incorporated a low molecular weight
species, particularly, when the high molecular weight component is
produced in the first reactor. '

A th1rd and more desirable 'strategy is direct production of a
polyolefin havihg A broad or bimodal molecular weight distribution by
use of a eatalyst mixture in ‘a single reactor. In fact, Scott, Alex,
“Ziegler-Natta Fends off Metallocene Challenge,” Chemical Week, pg.
32 (May 5, 1999) states that one “of the holy grails [of polyolefin
research] is gettmg_bxmodal performance 1n one reactor for PE and PP”
(quoting Chem Syetems conso]ta;lt Roéer Green). The art recently has

attempted to solve the aforementioned problems by using two different
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catalysts in a single reactor to produce a polyolefin product haﬁng a
broad molecular weight distribution, or bimedal molecular .weight
distribution. . Such a process is reported to provide component resin
portions of the molecular welght distribution system sunultaneously in
situ, the resin particles bemg mixed on the subpartxcle level.: For
example, U.S. Patent Nos. 4,530,914 and 4,935,474 to Ewen relate to
broad molecular weight distribution polyolefins prepalred by

' polymerizing ethylene or higher alpha-olefins in' the presence of a

catalyst system. comprising two or more metallocenes each haﬁhg .
different propagation and termination rate constants and
alumiﬁoxane. Similarly, U.S. Patent No. 4,937,299 to Ewen relates to
the production of j)olyoleﬁn reactor blends in a single polymerization.
process using a catalyst system comprising two or more metallocenes
having different reactivity ratios for the monomers being polymerized.

It is known that metallocenes may be affixed to a sﬁpport to
simulate an insoluble catalyst. U.S. Pat. No. 4,808,561 discloses
reacting a metallocene with an aluminoxane and forminé. a reaction
product in the presence of a support. The suppért isa porous material
like talc, inorganic omdes such as Group IIA, IIIA IVA OR IVB metal
oxides like silica, alumma s111ca alumina, magnesia, tltama zucoma '
and mixtures thereof, and resinous matenal such_as polyolefins like
finely divided polyethylene. The metallocengs and aluminoxanes are
deposited on the dehydrated support material. )

An advantage of a ho'mo'genedus (metalldcene) catalyst system is
the very high activity of the catalyst and the narrow molecular weight
distribution of the polymer produced with a metallocene catalyst .
system. The metallocene catalysts suffer from a disadvantage in that
the ratio of alumoxane cocatalyst to metallocene is h.\gh In addition,
the polymers produced using metallocene cata.lysts often are dlfﬁcult to ‘

process and lack a number of desirable physical properties due to the
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single homogeneous polymefiiation reaction site. Moreover these
catalyst are limited in that they are single site catalysts, and
consequently, produce polymer having - very narrow molecular weight -
dastnbutlon '

Heterogeneous catalyst systems also are well known and
typically are used to prepare polymers having broad molecular weight
distribution. The multiple (e.g., heterogeneous) active sites generate a
number of different polymer pa;rticle's of varying length and molecular
weight. These heterogeneous catalyst systems typically are referred to
as Ziegler-Natta catalysts. The dlsadvantage of many Zlegler-Natta
catalysts is that it'is difficult to control the physical properties: of the
resulting polymer; and the activity typically is much lower than the-
activity of the metallocene catalysts Ziegler-Natta catalyst alone are
not capable of - -making satisfactory polyoleﬁns having a bimodal
molecular weight d1str1but10n ‘and metallocene catalysts containing
cycloalkadienyl groups supported on silica or alummum alone are not '
capable of making satlsfactory polyoleﬁns having a broad molecular
weight dlstnbutlon . .

The art recently has reco;gnized a method of making bimodal

resin by using a mixed catalyst system containing Ziegler-Natta and :

metallocene catalyst components These mixed catalyst systems

typically comprise a combination of a heterogeneous Ziegler-Natta

catalyst and a homogenous meta]lbcene catalyst. These mixed systems
can be used to prepare polyoleﬁns having broad molecular weight
dlstnbutlon or bimodal polyoleﬁns ‘and they provide a means to
control the molecular welght distribution and polydispersity of the
polyolefin.

W.O Pat. 9513871 and US Patent No. 5,539,076 dxsclose a
mixed metallocene/non-metallocene catalyst system to produce a

specific blmodal h1gh dens1ty copolymer The catalyst system
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disclosed therein is supportcd ‘oln an inoréanic suppol't. Other
documents disclosing mixed Ziegler-Natta/metallocene catalyst_ on a
support such "as silica,.' alunlina, magnesium-chloride ‘and the like
include, W.O. Pat: 9802245, U.S..Pat. 5183867, E.P Pat.0676418A1,
EP 717755B1, U.S. Pat. 5747405, E.P. Pat. 0705848A2, U.S. Pat.
4659685, U.S. Pat. 5395810, EP Pat. 0747402A1, U.S. Pat. 5266544,
and W.0. 9613532, the d1sclosures of which are incorporated herem by
reference in their entirety. ’ )

Supported Zlegler-Natta and metallocene systems' suﬂ'er from
many drawbacks one of Wthh is an attendant loss of act1v1ty due to
the bulky support material. Dehvery of liquid, unsupported catalysts
to a gas phase reactor was ﬁrst described in Brady et al., U.S. Patent.
No. 5,317,036, the d1sclosure of which is incorporated. herein by
reference in its entirety. Brady recognized dlsadvantages of supported
catalysts including, inter alia, the presence of ash or residual support
material in the polymer which increases the 1mpunty level of the
polymer, and a deleterious sffect on catalyst activity because not all of
the available surface area of tlle -'catalyst comes into contact with the
reactants. Brady further described a number of -a'dvantages'

attributable to delivering a catalyst to the gas phase reactor in liquid

. form. Brady did not appreciate, however, that a self-supported mixed

Z1egler-Natta/metallocene catalyst could be used to form a polyolefin in
a single reactor havmg a broad molecular weight dJstnbutlon or a
bimodal molecular wexght distribution.

Another problem associated with the prior art supported mixed
catalysts is that the supported catalysts often had activities lower than
the activity of the hol:nogenéouscatalyst alone. Finally, it is difﬁcult to
spec1ﬁcally tailor the propertles of the resulting polyoleﬁn using

supported mixed catalyst systems
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The prior art mixed support.ed.catélysts also produced polymer,
albeit in a single reactor, that essentially contained high molecular
weight granules and low molecular weight granules. The problems-
discussed above that are assdciated with blending two diﬁ'érent
polymer’ particles, are also present in these systems. = Moreover,
producing different granules 6f polymers in a single reactor leads to
poor reactor control, poor morphology of the resulting polymer,
difficulties in compounding and difficulties in pelleting the resultant
polymer. Finally, it is difficult to ensure adeqﬁate mixing of thé two -
polymer “components which raises a number of quality control issues.

Coordination complexes of Group IVB metals, n-bonded ligands
and heteroallyl moieties are known as useful oleﬁn polymerization
catalys‘i:s, and are described in Reichle, et al, U.S. Patent No.
5,627,752, the disclosure of which is incorporated by reference herein
in its entirety. Simply mixing an organocyclic moiety such as indene
with a magnesium/zirconium ethoxide, -as taught in Reichle,' does not
produce a catalyst capable of producing polyolefins having a broad
MWD. " Reacting: an  organocyclic moiety such as
indenylzirconiumtris(pivalate) with magnesium ethoxide required
strenuous reaction conditions (a basic solution in hot chlorobenzene),
and it did not produce a desirable catalyst, presumably because the
indenyl moiety was stripped off of the zirconium. It was heretofore
thought not possible to coordinate a complex such as those di_scloséd in
Reichle with a zirconium-containing compdnent to produce a cataly'st
capable of making a broad MWD polyolefin.

Tajima, et al., U.S. Patent No. 5,387,567 discloses a method of
treating a soluble zirconium complex with an organocyclic moiety (Cp)
to produce a catalyst component. The’ disclosure of Tajima is
incorporated by reference herein in its -entirety. = The catalyst

components described in Tajima remain in solution requiring a
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solution-phase polymeﬁzetiop; :‘and if used in a .gas ohese
polymerization, would require a support such as silica, and tljxe like.
The disadvantages of supported catalysts are mentioned above.
Disadvantages of a solution cafalyst system include difﬁcultie’s_ in
maintaining the activity of the catalyst over extended periods of time,
and inefficiencies in shipping and in handling which tyoically_ reqﬁire
manufacture of the catalyst component on-sipe or in-line with the
polymeﬁzation -process.. In aﬂdjtioxi,' the “activity of the . catalysts
described in Tajima is low thereby' requiring significant amounts of

catalyst, and possible post polymerization removal of catalyst residue.

' SUMMARY OF THE INVENTION
There exists a need to maximize the benefits of each individual
catalyst system (i.e., Ziegler-Natta and metallocene) w1thout suffering ‘
a penalty in terms of actw1ty of the catalyst components, and without

suffering fxom the poor reactor cox_ltrol and poor product quality control-

‘ discussed above. There also exists a hee_d to produce bimodal products_ )

having excellent pfoduct strength and processability. There also exists
a need fo develop - a catalyst to produce such bimodal 'polyoleﬁns
without sxiﬂ_'ering from the above-noted problems. In addition, there
exists a need to develop catalysts cépal’ﬂe of making polyolefins having
a broad molecular wexght dlstnbutlon It also would -be desirable to
produce polymer granules in a smgle reactor whereby the granules -
contain a hlgh molecular welght component and a low molecular
welght component

It is therefore a feature of the present invention to provide a
catalyst system that is capable of producing a polyolefin with a broad
molecular weight dlstnbutlon, and to prov1de a catalyst system that is
capable of producing a polyoleﬁn having a ‘bimodal molecular weight
distribution in a-single. reactor: It is' an additional feature of the
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invention to provide a catalyst, a method of making the catalyst, a
method of making a polyolefin having a broad molecular weight
distribution, and a method of making a bimodal polyolefin using the
catalyst that does not suffer from the drawbacks mentioned above. It
is yet énother feature of the invention to provide a catalyst system that
is capable of producing polyolefin granules that contain a high
molecular weight component and a low molecular weight component.

In accordance with these and other featufes of the present
invention, there is provided a solid- catalyst co:ﬁponent for the
polymerization of olefin moriomérs compﬁsi#g: () a Ziegler-Natta
catalyst component comprising at least dne group IVB met;ﬂ-
containing alkoxide or aryloxide; and (i) Cp, where Cp is a
cycloalkadienyl group having from 3-30 carbon atoms.

In accordance with an additional feature of the present
invention, there is provided a method of making a solid catalyst
component comprising reacting: (i) a Ziegler-Natta catalyst component
comprising at least one group IVB metal-éoﬂtaining alkoxiﬂe ‘or
aryloxide; and (ii) a Cp-r;ont'aim'ng complex in a suitable solvent to
produce a mixture containing solid catalyst component, and then
removing the solid catalyst component from the mixture. .

In accor_dance wit:,h yet another feature of the present invention,
there is provided a method of making a polyolefin, preferably a broad
molecular weight polyolefin and/of a pdlyolgﬁn having. a bimodal
molecular weight distribution, comprising - contacting,. under
polymerization conditions, at least one olefin monomer with a solid -
catalyst component comprising: (i) a Ziegler-Natta catalyst component
comprising: at least one group IVB metal-containing alkoxide or
aryloxide; and (ii) Cp, where Cp isa cycloalkadienyl groui)'having from

3-30 carbon atoms. These and other features of thé invention readily '
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apparent to those skilled in the art can be achieved by reference to the

detailed descrlptmn that follows:

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a size exclusmn chromatography (SEC) representatlon

" of the molecular weight drstnbutmn of the polymer produced in

accordance with example 2.

FIG. 3is a size exclusion chromatography (SEC) representation
of the molecular we1ght distribution of the polymer produced in
accordance with example 3. '

FIG 3isa graphJcal representatron of the results of Example 5.

| FIG. 4 is a size exclusmn chromatography (SEC) representation
of the molecular welght distribution of the polymer produced in
accordance with example 6. o ' '

' ‘FlG 5 is a size exclusion'chrom'atography (SEC) representation
of the molecular we1ght dlstnbutlon of the polymer produced in

accordance with example 7.

DETAlLED DES CRIPTION OF PREFERRED

' ' EMBODIMENTS

In the present invention, " the hybrid catalyst component
comprising the Ziegler-Natta component and the Cp component is a
self-supported hybrid catalyst component and it is denoted by the
expressmn “self supported hybrid catalyst.” The self supported hybrid
catalyst does not contain conventwnal inorganic supports such as
silica, alumma,' sxhca-alnmma, magnesium chloride, and the like.
Rather, the Ziegler-N atta component of the inventive catalyst serves as
a support itself, thereby rendenng the catalyst “self-supported.”
Catalyst performance can be opt1mlzed by choice of the Cp component,

its ratio to the m1xed metal alkoxide complex component the ratio of
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Ziegler-Natta catalyst species-containing agent (e.g., a halogenating
agent, such as TiCly) to the metal in the mixed metal alkoxide, and the
cocatalyst. '

Throughout this' description, - the ~ expression “Ziegler-Natta'
catalyst species” denotes any of the known metal species useful in
polymerizing olefins that are present in Ziegler-Natta catalysts. For
example, the species can include Ti, Hf V, Cr, Zr, and the like.
Throughout this description, the expression “Ziegler-Natta catalyst
species-containingl agent” denotes any- egent thet contains the -
aforementioned Ziegler-Natta catalyst species, and which can release
the species upon reduction of the agent. For exemple, Ziegler-Natta
catalyst species-containing agents can include TiCly, VCl4, HfCly,
ZrCl4, and the like. In addition, the Ziegler-Natta catalyst species-
containing agents can include mixtures of the aforementioned agents,

as well as mlxtures of these agents with other chlonnatmg agents such
as SiCl4, and the like. )
Throughout this description, the expression “Ziegler-Natta
catalyst componenf,” denotes any Ziegler-Natta -catalyet component
capable of polymerizing olefins. In the invention, the Ziegler-Natta
catalyst component comprise.s at least. one group IVB metal-containing -
alkoxide or aryloxide, which can be incorporated into the catalyst .
component during its preparation, or can be incorporated into Aé
conventional Ziegler-Natta - catalyst component - by chemical
modification techniques known.to those skilled in .the art. It is
preferred in the present invention that the Ziegler-Natta catalyst

_component be self-supported, although it may not be initially, it can be

made self-supported upon modification with the at least one group IVB. _

metal-containing alko:nde or aryloxide.
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The self-supported catalyst system of the presenf invention is
useful in the polymerization of any polyolefin, and in the
polymerization. of any polyolefin in which separate polymenzatmns’

with a homogeneous catalyst and with a heterogeneous catalyst are

- possible. Preferably, the self- -supported catalyst system is useful in the

polymerization of oleﬁns more preferably, - a-olefins,. and, most
preferably, ethylene, propylene butene, and hexene. The alpha olefin
polymer resins may be homopolymers, copolymers, terpolymers, or
admixtures of homopolymers and copolymers Copolymers of ethylene
preferably contain at least 70 welght percent ethylene and an alpha
olefin of 3 to 10 carbon atoms. Preferred alpha olefins include
propylene,. 1-butene, 1-hexenme, l-octene and 4 methyl-pentene..
Copolymers of propylene typlcally contain at least 65 weight percent
propylene an alpha olefin of ethylene or one having 4 to 10 carbon
atoms. Again, preferred alpha olefins include 1-butene, 1-hexene, 1-
octene and 4 methyl—pentene ' '

The broad molecular weight or bimodal polyoieﬁn resins
produced using the hybrid catalyst sysfem of the iﬂvention can ha've.
any density normally attributable to such resins. .U‘sua'lly, the reeins
have a specific density in .the range of 0.86 to 0.970. The polyethylene-
resins (homo- or copolymers) which can be produced in accordance with
the invention can exhibit densities of high density, medium density or
low density resins, respectively. Accordingly, the resins can "be
produced which exhibit specific density in the fange of 0.89 to 0.92 for
low density, 0.930 to 0.940 for medium density, and 0.940 to 0.970 for
high density. The polyolefin resins of the' invention include, for
example, ethylene homopolymers and copolymers of ethylene and one

or more higher alpha-olefins such as propylene, 1-butene, l-pentene;_l-

" hexene, 4-methyl-1-pentene, and 1-octene. Polyeleﬁn resins -also
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include, for example, - ethylene/propylene rubbérs. (Ei’R‘s),
ethylene/propylene/dlene terpolymers (EPDM's) and the like. .

The broad molecular weight or bimodal polyolefin resin usually
has a molecular weight distribution which is characterized as the melt
flow ratid (MFR) or as the tveight average molecular weight divided by
the number average molecular weight (Mw/Mn). The MFR. of the
bimodal pdlyoleﬁn resins of the invention (é.g., ‘those made using the
self supporting hybrid catalyst of the invention) can range anywhere
from about 35 to about 300, preferably from about 45 to about 200, and
most preferably from about 70 to about 150, whereby the MFR is
measured in accordance with ASTM D1238, Conditions E and F for
polyethylene and Condition L for polypropylene. The MFR of the broad:
molecular weight polyolgﬁn resins of the invention (e.g., those made
using the self supporting cycloalkadienyl catalyst of the invention) can
range anywhere from about 17 to about 40, preferably from about 25 to
about 40. The Mw/Mn of resin products of the invention can rahge
anywhere from about 4 to about 75, preferably from about 10 to about -
50, and most preferably from about 15 to about 25.

~ The broad molecular welght or bimodal polyolefin resin prepared
in accordance with the i)resent invention usually has a flow index
within the range of from about 1 to about 50, preferably from about 1 5
to about 30 and most preferably from about 2 to about 25. The broad
molecular weight or bimodal polyoleﬁn resin prepared in accordance
with the present invention also typically will have a bulk density
within the range of from about 15 to about 50 lbs/ft3, preferably from
about 20 to about 40, and most preferably from about 20 to about 30.

By using the self supported cycloalkadienyl catalyst or the self
supported hybrid catalyst of the mventlon having at least one Cp

catalyst component, and at least one Zlegler-Natta catalyst component,
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preferably a mixed metal alkoxide complex (i.e., heterogeneous)
catalyst component, a polyolefin can be produced with a broad
molecular weight distribution- (MWD), as well as a polyolefin with a
bimodal molecular weight distribution. The MWD can be represented
by a chart of gel permeation chromatography (GPC) or determined
using size exclusion chromatography (SEC). These techniques are well
known in the art, and skilled artisans are capable of determiﬁing the
MWD of polyolefins made in accordance with the present mventlon
using the guldehnes prov1ded herein.

The Cp catalyst component, when used alone. as a. bridéed
component coupled together by a transition metal such as Zirconium,
titanium, hafnium, and the like, will usually pro‘duce a polymer with a
MWD which is naﬁow relative to a polymer produced by a Ziegler-
Natta catalyst component or a mixed metal alkoxide complex catalyst
component alone. The Cp catalyst component is therefore similar in
many respects to a metalloceno catalyst component.

The inventors also have found that the polydispersity, i.e., the
distribution of molecular weights, can be affected by using dlfferent
ratios of the catalyst components. Since the molecular weight of the
polymer produced with the Cp component alone (e.g., a homogeneous

catalyst) is different from the molecular weight of the polymer

produced using the Ziegler-Natta catalyst component (eg., a

heterogeneous catalyst), changing the relative amount of one catalyst
component to the other in the self-supported hybnd catalyst system of
this invention will change the polydispersity of the polymer produced
Using the guidelines provided herein including the examples skﬂled'
artisans are capable of modlfymg the ratio of catalyst components to
specifically tailor a polyolefin resin product.

The self-supported hybrid catalyst of the bresent invention
preferably is useful in producing high density po]yojeﬁn products
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having a broad molecular weight distribution, and in prodocing a high
molecular weight, high density bimodal polyolefin product The
catalyst usually contains a Zlegler Natta catalyst component and a Cp
catalyst component that is chemically bonded to the Zlegler~Natta

catalyst component. The Ziegler-Natta catalyst component preferably

comprises a mixed metal alkoxide solid complex containing at least
magnesmm at least one transition metal, and alkoxide moieties,
where the transition metal is at least one metal selected from the
group consisting of titanium, zircox'ﬁum, and hafnium, and mixtures
thereof.. Preferably, the mixed metal alkoxide component coinprises a
solid product iééulting’froxp contacting a magnesium alkoxide and a
transition.metal-contaioing (preferabl&, a zirconium, titanium and/or.
hafnium-containing) alkoxide. The Cp component preferably is any
cycloalkadienyl hydrocarbon having from 3-30 carbon atoms, and more
preferably is a cyclopentad1eny1 ligand that can be substituted and/or
bridged. Combmatlons of different Cp components and mixed metal
alkoxide components can lead to versatile. catalyst composmlons that,
can be used to produce d1stmct polyolefin products.

The mixed metal alkox;de component of the self-supported
hybrid catalyst systedx is séif_-supported and does not require

‘extraneous supports such as magnesium chloride, silica, alumina, and

the like. Preferably, the mixed metal alkoxide component is a solid
magnesium and titanium-containing component, whereby some or all
of the titanium can bc'replacéd by other transition metals such as
zirconium or hafnium. Most preferably, the mixed metal alkoxide
component is a solid magnesium and zirconium-containing complex
When preparing the self-supported hybrid catalyst of the
invention, the mixed metal alkox1de -component preferably is reacted
with a Zlegler-Natta catalyst spec1es contammg agent to form a

Ziegler-Natta component. 'Rea.tctlon .with the Zlegler-Natta catalyst
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species-containing agent can be effected before, during or after reaction
of the mixed metal alkoxide with the Cp-containing group. The
Ziegler-Natta catalyst coinponent t&pically is prepared by halogenating-
(with TiCly or VCly, and/or respective mixtures thereof with SiC14) a
solid precursor material that contains magnesiu.m and zirconium to
prepare a solid procatalyst. Throﬁghout this description the term
“precursor” and the expression “procatalyst precursor” denot;e a sol'id.
material that contains magnesium and a Group IVB.metal, and which
can be converted to a .“pro.ca'talyst” (deﬁned 'below). by -contactin;g‘it -
with any suitable halogeﬁating agent such as alk&la]uniinum halide or

tetravalent titanium halide (preferably TiCly), or ‘silicon tetrachloride

(SiClg) and optionally an electron donor. Throughout this description,

the term “procatalyst’ denotes a solid material that is an active

catalyst .component, and that can be converted to a poiymerization'
catalyst by contact with an organoaluminum compound (preferably

modified methyl aluminoxane (MMAO)), and an optional external

donor, or selectivity control agent. .

Any unsupported magnesium and Group IVB metal;f:ontainin'g :
precursor can be used in thé present invention, and anjf means known |
to halogenate such a pi-ecursof can be used to prepare a éolid Ziegler- .
Natta catalyst component (e.g., procatalyst) when preparing the self-
supported hybrid catalyst of the invention. A nurﬁber of United Stgteé
patents issued to Robert C. Job (and Robert C. Job, et al.,) describe

- various magnesium and titanium containing precursors useful for the

production -of procatalysts that are ultimately useful in preparing

catalysts for the polymerization of a-olefins. For example, U.S. Patent
Nos. 5,034,361; 5,082,907; 5,151,399; 5,229,342; 5,106,806;. 5,146, 028
5,066,737; 5,124,298, and 5,07 7,357, the d1sclosures of which are

incorporated by reference herein in their entirety, dxsclose various
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procatalyst precursors. Any of th§ precursors described therein can be
used in the present invention. ‘ ‘
When magnesium alkoxideé, such as magnesium ethoxide, are
used as the starting materials to form the procatalyst_precursor, a
clipping agent usually is néede,d to break up the polymeric magnesi_um
ethoxide and allow its reaction witﬁ the other components. As
disclosed in U.S. Patent. Nos. 5,124,298 and 5,077,357, the precursor
can be prepared by using chlorobenzene as a solvent and o-cresol as a
clipping agent to chémically break down the polymeric magnesium
ethoxide. Other dipping égents include, inier alia, 3-methoxyphenol,
4-dimethy1amiﬂd§ﬁenol,_ ‘_ ,2,6%di-tert-butyl-4-methyl§henol_, . p-

_chlorophenol, HCHO; COs, B(OEt)s, SOz AIl(OEt)s, COs", Br,

(O2COEL)", Si(OR)4, R’'Si(OR)s, and P(OR)s. In the above compouxids, R
and R represént hydrocarbdh .gr.oups, preferably alkyl groups,
containing from 1-10 carbon atoms, and preferably R and R’ are the
same or different 'and are methyl or ‘ethAyl.. Other agents that release
large anions or form large anio.ﬁs.' in situ (i.e., clipping agenf
precursors) can be ﬁsed, such as MgBrz, carbonized inagnesiﬁm
ethoﬁde (magnesium éthyi carb()n'ate), calcium carbonate, and the
like. Phenolic compounds such “as b-cresol, 3-methoxyphenol, 4-
dimethylamindphenol, etc., 'ce;;tain agents are known to dissolve
magnesium alkoxides such as magnesium ethoxide, but these agents -
typically are employed in very large exéess and usually in .the presence
of aliphatic, aromatic and/or halogenated hydrocarbon solvents.

Any of the solid magnesium containing procatalysts, and thé
methods for prepafi'ng them thét are disclosed in United States patent -
application s‘erial.". Nos. 09/'3'4'5,082, 09/395,924, 09/395,916, and

09/395,917, can be used in ‘the: present inverition. The disclosure of
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each of these applicatione is incorporated by reference herein in its
entirety. ‘ . '

It is preferred that the mixed metal alkoxide component contain .
magnesium, Group IVB metals, and alkoxide moieties. Useful mixed
metal alkoxide complexes conta.m, as the mixed metal portion,
ng(’l‘sz)y where T1 and T2 may be the same or different and are

selected ﬁom titanium, zirconium, and bafnium, and . whel'ein the
molar ratio of x/y is from about 2.5 to about 3.75. The xmxed metal
alkoxide complex may have complexed to the mixed metal portion, at
least one group 'selected from alkoxide groups, phenoxide groups,
halides,.hydroxy groups, :c&irl)oxyl groups and amide groups. |

It is preferred in tBe pl‘esent invention that T1 and T2 are one or
more metals selected from zirconium and hafnium, and mixtures
thereof. The molar ratio of the Mg metal to the T1 and T2 metals (l e.,

the ratio of x/y) preferably is w1th1n the range of from 2.5 to 3.75, more A '

preferably within the range of from 2. 7 to 3.5 and most preferably, the

" molar ratio 1s 3. It also i is preferred that alkoxide groups and halide
" groups, (when the .self-supported hybnd catalyst is prepared), are

complexed to the mixed metal port1on of the mixed metal alkoxxde
complex. '

The mixed metal alk'o:title .complex can be made by any method
capable of forming a cox;nplex between the mixture of n:le'tals, and the
additional complexing groxips, at least one of which is selected from
alkoxide groups, phenoxide grouos, halides, hydroxy groups, carboxyl
groups and amide groups. Pljeferably, the precursor is prepared b&
contacting a mixtufé of magnesium alkoxides, halides, carboxyls,

amides, phenomdes or. hydroxxdes with a mixture of T1 and T2 metal'

‘alkoxides, halides, carboxyls amides, phenomdes or hydroxides to form

a solid precursor complex, and then separatmg the solid complex from
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the mixture. In the above-stated method of making" the prgcﬁrsor,
reaction with a halide is not considered “halogenation” as that term is
used when describing the method used to prepare the self-supported
hybrid catalyst of the invention. In accordance with this method, a
clipping agent preferably is used and, optionally, an aliphatic alcohol
can be used to form the solid precursor complex. This precursor

complex then can be converted to a procatalyst component by’

- balogenation with a Ziegler-Natta catalyst species-containing agent

using any means known to fhose skilled in thé art to 'prepare the self- -
supported hybrid catalyst of the invention. .

It is most preferred that the mixed metal alkoxide complex is a
controlled morphology granular solid material having the approximate.
formula MggM(OEt)gClg whereby M is a Group IV B metal. In this
complex, it is preferred that the Group IV B metal be coordinated to
the magnesium alkoxy moiety and thus permanently. anchored thereto.
Such a complex can preferably be made by the following reaction:

(3+a)Mg(OR)g + b M1(OR)pXq + cM2(OR")Xg + d (Clipper)

wherea<1,b+c=1,d< 1;p+q=4;r+s$4; M1, M2 are group
IV B metals; R, R, R" are alkyl or aryl; X, Y are halide, alkbxide, alkyl,
aryl; Clipper is a species which is able to assist in the breakup of the -
polymeric magnesium alkoxide or aryloxide, as defined above.

It is especially preferred in the present invention that the mixed
metal alkoxide complex be capable of being activated using methyl
ﬁuminoxane (MAO) or MMAO as a cocatlyst. It also.is preferred in'
the invention to use a mixed metal alkoxide complex component that
produces a polymer having enhanced film and film-forming attributes.
The mixed metal alkoxide complex component most preferably. is

prepared by contacting magnesium ethoxide, ZrCl4, Zr(OEt)4, and
Zr(OBu)4 which can be mixed with a clipping agent like methyl
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salicylate in thé presence of a solvent. This solid precursor material

then can be con've'rtéd toa procatalyst.b& reaction with a Ziegler-Natta

catalyst species-containing' agent first with a mixture of silicon.
tetrachloride and titanium tetrachloride, and then optionally with

ethylaluminum dichloride nnd/oi- boron trichloride to prepare the self-

supported hybrid catalyst. Such a mixed metal alkoxide componentA
provides an excellent support for fhe mcta]locene component (Cp).

Any 4cycloa1kadienyl compound having from 3-30 carbon atoms
can be used as the Cp. component in the present invention. Preferably,
Cp is an organocyclie compound havmg two or more conjugated double
bonds, examples ‘of which mclude a cyclic hydrocarbon compound
having two or more, preferably 2-4, more preferably 2-3. conJugated
double bonds and a total carbon number of 3- 30, preferably 4- 24 more
preferably 4-12. . The cychc hydrocarbon compound may be partially
substituted with- 1-6 hydrocarbon moieties, typically alkyl or aralkyl
groups of 1- 12 carbon atoms. _

The Cp component can' be délivercd to the reaction with the
mixed metal alkoxide component in any form capable of delivering the °

Cp component and capable. of allowmg its reaction with the Group IVB

transition metal atom in the Ziegler-Natta catalyst component.

Preferably, the Cp component is delivered to the reaction via LiCp, -‘
MgCpX, where X i&ahalogon, HCp + aluminum alkyl, HCp + MAO or
MMAO, and the like. The Cp comp_oncnt also may be delivered to the
reaction as an org‘anosilicon compound which may be represented by

the general formula

- (Cp), SiRq.,

where Cp is a cychc hydrocarbon group such' as cyclopentadienyl,
substituted cyclopentad1enyl ‘indenyl and substituted indenyl groups;
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R is a hydrocarbon moiety of 1:24, preferably 1-12 carbon ‘atoms
exemplified by an alkyl group such as methyl, ethyl,. ﬁropyl; isopropyl,
butyl, t-butyl, hexyl and octyl, an alkoxy group such as methoxy,
ethoxy, propoxy and butoxy, an aryl group such as phenyl, an aryloxy
group such as phenoxy, and an aralkyl group such as benzyl, or
hydi‘ogen; and Lis 1 <L, < 4, preferably 1 <L < 3.' )

Specifically preferred examples of Cp include, but are not
limited to cyclopolyenes or substituted cyclopolyenes Having 3-30
carbon atoms such as cyclopentadiene, methyl cyclopentadiené, ethyl
cyclopentadiene, t-butyl cyclopentadiene, hexyl cyglopéntadiene, octyl
cyclb_pentadiene, 1,2-dimethyl cyclopentadiepe, 1,3-dimethyl
cyclopentadiene, 1,2,4-trimethyl cyclopenfadiene, 1,2,3,4-tetramethyl-
cycldpentadiene, pentamethyl cyclopentadiene, indene, 4-methyl-1-
indene, butylcyclopentadiene, 1,2-bis(ihdeny])ethaﬁe, 4,7-
dimethylindene, 4,5,6,7-tetr'ahydroindene, : cycloheptatriene,
methylcycioheptatriene, cyclooctatetraene, methylcycl'oqctatetra'epe,
azurene, : ethylazurene, fluorene, methylﬂuorépe; e
monocyclopentadienylsilane, ' dicyqlopentadjenylsﬂaﬁe,
tricyclopentadienylsilane, tetracyclopentadien&lsila‘ne,
monocyclopentadienyl monomethylsilane, monocyclopgntadiepyl
monoethylsilane, moﬁocyclopentadienyl dimethylsilane,
monocyclopentadienyl diethylsilane, monocyclopeptadienyl
trimethylsilane,‘ monocyclopentadienyl - tfiethylsilane,

monocyclopentadienyl monomethoxysilane, monocyclopentadienyl

monoethoxysilane, monocyclopentadienyl monophenoxysilane,
dicyclopentadienyl monomethylsilane, dicyclopentadienyl
monoethylsilane, dicyclopentadienyl dimethylsilane,
dicyclopentadienyl methylethylsilane, -dicyc]opentadiényl
dipropylsilane, ‘dicyclopentadienyl ~ ethylpropylsilane,

dicyclopentadienyl diphenylsilane, . - dicyclopentadienyl
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phenylmethylsilane, dicyclopentadienyl monomethoxysilane,
dicyclopentadienyl monoethoxysilane, tricyclopentadienyl
monomethylsilane, tricyclopentadienyl monoethylsilane, .
tricyclopentadienyl monométhoxys_ilane, tricyclopentadienyl

monoethoxysilane, 3-methyl Cyk:lopentadienylsilane ‘bis-3-methyl
cyclopentadienylsilane, S-methyl cyclopentad1enylmethyls1lane 1,2-
dimethyl cyclopentadlenylsﬂane 1,3-dimethyl cyclopentadlenylsﬂane

1,2,4- trlmethyl cyclopentadlenylsﬂane 1,2,3,4-tetramethyl
cyc10pentad1enyls1lane pentamethyl cyclopentadienylsilane,
monoindenyl silane," dnndenyl silane, triindenyl silane, -tetfaindenyl
silane, monoindenyl monomethylsﬂane_, monoinde.nyl monoethylsilane,
monoindenyl dimethylsilane, xhonoindenyl diethylsilane, monoindenyl -
trimethylsilane, mopoindenyl triethylsilane, monoindehyl
monomethoxysilane, monoindeﬁyl monoethoxysilane, monoindenyl
monophenoxysilane, diindenyl monomethylsilane, - . diindenyl

monoethylsilane, diindenyl dimethylsilane, diindenyl diethylsilane,

. diindenyl methylethylsilime dnndenyl dlpropylsﬂane, diindenyl

Aethylpropylsilane, . dundenyl . diphenylsilane, diindenyl
phenylmethylsilane, dnndenyl monomethoxysilane, ° diindenyl
monoethoxysilane, triindenyl. © monomethylsilane, triindenyl
monoethylsilane, triindenyl 'mbn'omethoxysilane; trﬁndehyl .

monoethoxysilane, 3-ﬁethyl ix;denyl'silane, bis-3-methyl indehylsilane,
3-methyl indgnylméthyisﬂane, ’ 1,'2=dimethy1 indenylsilane, 1,3-
dimethyl indenyléilané, 1,2,4-trimethyl indenylsilane, 1,2,3,4-
tetramethy indenylsilane, - pexitamet‘h‘yI indenylsilane, and mixtures
thereof. It is esi)eq'izi]ly preferred that the Cp component of the

invention be selected from the- gi-oup consisting of indene, 1,2,3,4,5-

- pentamethyl  cyclopentadiene, . . trimethylsilyl cyclqpenfadiene,
.djphenylfulve_ne, i,2-bisindeﬁylethane, 2-methyl-indene, trimethyl

silylindene, bis(ihdepﬂjﬂimethylsﬂahe, and mixtures thereof,
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The self-supported hybrid - catalyst of the invention- can be
prepéred in any manner capable of reacting the. selected Cp .coniponent
to the selected Ziegler-Natta catalyst component(s). Initially, the
respective Ziegler-Natta catalyst and Cp components are prepared
separately using techniques knowp in the art, including those
described " above. Preferabl.y,' a mixed metal a}ko;:ide precursor is
pfepared, and the Cp component is prepared separately. The
componenté are then reacted with one another together with a Ziegler-
Natta catalyst species-c_:on_tgining agent to‘prépare- a self-supp‘drted :
hybrid cata.lyst. Skilled artisans are capable of making mixed metal
alkoxide complexes and Cp components useful in the present iﬂventior'x
using the guidelines provided herein.

It is prefeired in the present invention' to prepare' the self-
supported hybrid catalyst first by suspending or slurrying a mixed
metal alkoxide component in a suitable solvent,. such -as toluené,
xylene, chlorobenzene, and the like. The Cp component then can be
added to the slurry, and then MAO or MMAO is added ovc_ai' a peﬁdd of
up to about 10 minutes. ' The slurry then is stirred for a period of time
sufficient to react the respective components, preféraBly from aboutb 10

hours to about 72 hours, more preferably from about 10 hours to about

- 35 hours, and most preferably for about 10 to about 24 hours. After

the reaction has proceeded sufficiently, a mixture containing a solid

self-supported cycloalkadienyl catalyst (SSCC) is formed. Before,

during, or after formation of this mixture,'thé mixed metal alkoxide
component can be reacted with a Ziegler-Natta catalyst species-
containing agent to form the solid self-supported hybrid catalyst of the
invention. o

The solid component can then be removed from the mixture
using techniques known in the art including ﬁltrétio’h, ‘evaporation,

vacuum distillation, etc. The retrieved solid component then can be
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washéd any number of times with a suitable solvent, and preferably is
washed at least once with toluene, followed by washing at least once
with hexane. The resulting washed solid catalyst component (either "
the SSCC or the self-supported hybrid catalyst) then can be dried using
conventi'onal techniques, such as passing an inert gas, like nitrogen, or
the like over the solid to form a solid, granular powder like catalyst'
component that can be used 1mmed1ately, or stored under inert
atmosphere, or slurried in mineral oil. :

While not mtendmg tobe bound by "any: theory, it is believed
that reacting the. Cp component with the Ziegler-Natta catal};st
component, (preferably, a .'mixed metal alkoxide component),'provides.a
solid complex whereby the interaction between the - individual
components is strong enough to allow the catalyst to substantially
remain intaot during conventionel polymerization conditions. It also is
preferred that the interaction between the respective components I;e -
strong enough to allow the catalyst ‘to substantially remain intact
when the catalyst is .euspended in, for example, mineral. oil and the
like. If this were not the case, one would expect the two components to
break apart from each other and then function mereiy as a mixture of
the two. If tne respective components of the self-supported hybrid_
catalyst were separated from one another, one would expect the
polymer to be similar to one made using a Ziegler-Natta 'catalyst alone,
since the Cp component would have very little 1f any act1v1ty smce it

. would not contain zirconium.

The present inventors have surprisingly found, however, that
this does not occur, thereby leading them to conclude that the
respective components remain in contact with one 'another dtiring the
polymerization. While not mtendmg to be bound by any theory, the'

.present mventors believe that reacting the Cp component with the

Zlegler-N atta catalyst component provides polymer particles that have



10

16

20

25

WO 01/48038 PCT/US00/35379

-24-

both high and low molecular weight components interdiSpersed with
each other. In stark contrast to the present invention, convex.it_ional
mixtures of Ziegler-Natta catalysts and Cp-containing metallocene
catalysts produce ‘high molecular weight polymer particles and low
molécular weight polymer particles that must be subsequently
compounded and mixed.

AJ_:ly .solvent can be used in the inventioﬁ so long as it is capable
of slurrying the Ziegler-Natta catalyst component (e.g., mixed metal
alkoxide component) to allow a metathesis reaction with the Cp
component. The splvénts which can be utilized include inert solvents,
preferably non-functional hydrocarbon solvents, and may include
aliphatic hydrocarbons such as butane, isobutane, ethane, propane, -
pentane, isdpentane, hexane, heptane, octane, decane, dodecane,
hexadecane, octadecane, and the like; alicyclic hyd_rocarbohs ‘such as
cyclopentane, methylcyclopentane, cyclohexane, cycloctane,
norbornane, ethylcyclohexane and the like; afomatié hydrocarbons
such as benzene, toluene, ethylbenzene, propylbenzene, butylbenzéné,
xylene, tetrahydrofuran and the like; petroleum fractions such as
gasoline, kerosene, light oils, an& the like; and mineral oil;‘ Likewise,
halogenated hydrocarbons such as methylene chloride, chlorobenzene,
ortho-chlorotoluene and the like may also be utilized. By "inert" is
meant that the material béing referred to does not interfere with the
reaction between the mixed _me'tal‘ alkoxide component and the Cp
component, and “inert” means that the material being referred to is
non-deactivating in the polymerization reaction zone under the
conditions of gas phase polymerization and is non-deactivating with
the catalyst in or out. of the rea_ction zone. By "non-functional”, it is
meant that the solvents do‘ not contain gfoups such as strong polar

groups which can deactivate the active catalyst metal sites.
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' The synthesis of the self-supported hybrid catalyst preferably
can be carried out by reacting a pre-determined amount of a Ziegler-
Natta catalyst component, preferably a mixed metal alkoxide, with a -
predetermined aﬁlount of Cp component in the presence of a mm1ma1
volume of a suitable solvent, and optionally, a predetermined amount
of a Ziegler-Natta qataiyst species-containing agent. Those skilled in
the art, using the guidelines provided herein, can deternﬁne the
amount of Cp component needed, as well as the amount of solvent
required to facilitate the reaction. The ratio (;f Cp component to tﬁe
mixed metal alkoxide compdnent can vary within wide -Hmits, an& is
determined by the desired product properties of the resins. For
example, when making a bimodal polyolefin ﬁsing the self-supported
hybrid catal&st, 1f a greater amount of a low molecular weight
component having a narrow MWD is desired, then more Cp component
can Be used. In a similar vein, when making a bimodal polyolefin
using the self-supported hybrid catalyst, if a greater amount of ‘a
higher molecular weight component having a broader MWD is desired, ..
then more of the mixed metal alkoxide component can be modified to
produce more of the Ziegler-Natta portion. o A

When using the self-supported hybrid catalyst of the invention,
the amounts of respective high and low molecular weight components .'
can vary depending on the ratio of titanium to zirc'oniuin, the amount
and type of mixed metal alkoxide precursor used, and the amount and
type of Cp component used. Skilled artisans are cépable of rriodifying
the ratio of the respective Cp, mixed metal alkoxide, and Ziegler-Natta
catalyst species-containing (e.g., SiCl4 and/or TiCly) .components to-
produce desired product properties, using the guidelipes provided

herein.
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The self-supported hybl-'is-i catalyst of the inventioﬁ serves.als one
component of a polymerization catalyst system where it is contacted
with a cocatalyst and .option'ally,' a selectivity control agent. Any
cécatlyst typicaﬂy used in the polymerization of olefins using
metallocene ca‘tal&sts can be used with the catalysts of the inventiqn.

Aluminum-containing activating cocatalysts typically used with
meta]loceng catalysts include the conventional aluminoxane
compounds. | Ilustrative aluminoxaﬁé compounds include
methyla]uminéxa_ne '(MAO), modified methylaluininoxane’ (MMAO), or
ethyl alumino_xane (EAO). jAlun;inoxanes are well known in the art

and comprise dligomeric line,ér alkyl aluminoxanes represented by the

. formula:

R {1\1-0 AIR",

R"

and oligomeric cyclic alkyl aluminoxanes of the formula:

—/iu-o-.
R’l ' . p

wherein s is 1-40, preferably 10-20; p is 3-40, preferably 3-20; and R" is '
an alkyl group containing 1 to 12 carbon atoms, preferably methyl,
ethyl, or an aryl radical such as a substituted or unsubstituted plienyl-
or ﬁaphthyl radical. |
Aluminoxanes may'be pfépared in a variety of ways. Generally,
a mixture of Iinea; .and cychc a]qminoxaneé is obtained in .the

preparation of .alqmipoxanés from, for exainple, trimethylaluminum-*
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and water. For example, an aluminum alkyl may be treated w1th
water in the form of a moist solvent. Alternatively, an aluminum .
alkyl, such as trimethylaluminum, may be contacted with a hydrated
salt, such as hydrated ferrous sulfate. The latter method comprises
treating a dilute solution of “trimethylaluminum in, for example,
toluene with a suspension of ferrous sulfate heptahydrate. It is also
possible to form methylaluminoxanes by the reaction of a teéraalkyl-

dialuminoxane containing Cg or higher alkyl groups with an amount of

trirhe’thylaluminum that is less than a stoichiometric excess. The

" synthesis of methylaluminoxanes may also be achieved by the reaction

of a trialkyl aluminum compound or a tetraalkyldﬁ'aluminokane

containing Co or higher alkyl groups with water to form a polyalkyl

aluminoxane, which is then reacted with trimethylaluminum. Further

modified methylaluminoxanes, which contain both methyl groups and

.higher alkyl groups, may be synthesized by the reaction of a polyalkyl

aluminoxane containing Cg or higher alkyl groups with
trimethylalumihum and then with water as disclosed in, fér'example,
U.S. Patent No. 5,041,584 .

Preferred cocatélyéts are aluminoxanes, with modified methyl
aluminoxane (MMAO) being the most preferred. .

The amount of catalyst and aluminum-containing activating
cocatalyst employed in the catalyst composition can determine the split
of the molecular weight distribution of the polyolefin. The term “split”
denotes the relative amount of low molecular weight component to the
high molecular weight component in the resulting bimodal polyolefin.
By adjusﬁng the mole ratio of total aluminum atoms contained in the

aluminum-containing activating cocatalyst to the total of Group IV B

metal atoms contained in the self-supported hybrid catalyst, one is able

to fine tune the molecular weight distribution of the bimodal or multi-
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modal polyolefin. For example, it generally is known that; Cp-
containing'fnetallocene catalyéts require more aluminum-.confgining
activating cocatlyst. Thus, decreasing. the amount of alummum can
sérve to decrease the amount of partiiculgr polymer component made by
the Cp portion of the inventive sélf-supported hybrid éatalyst, and
hence, affect the MWD of the resulting polyolefin. To broaden the
molecular  weight distribution ‘.of the  polyolefin,  the
aluminum/(transition metal Group IV B) mole ratio can be increased.
To narrow the molecular vc:'ei.ght, distribution of the polyolefin, the
aluminum/(transition metal Group v B moie ratio can be decreased.
Using the guideli_nes provided herein, ‘those skilled in the art are
capable of modifying the éluihinuxh/i:ransitibn metal mole ratio to
specifically tailor a polymer hairing a desired MWD. ‘

Overall useful aluminum/(traﬂnsit':ion metal Group IV B) mole
ratios in the SSCC and/or the self-supported hybrid catalyst
composition genéraliy range from about 2:1 to about 100,000:1,
preferably from about 10:1 to about 10,000:1, and most preferably from
about 50:1 to ai)out, 500:1. It is ﬁrefeﬁéd in the preégnt invention that
the Al:Zr ratio be greater than about: 100:1, most preferébly about
300:1. | B |

When propylene ‘is polymerized, the catalyst system of the
invention also will typically .employ an external electron donor. The
electron donor may be 'one‘ of the electron donors which are effective
with Ziegler-Natta a'ndjor. metallocene catalysts in producing
polypropylene homopolymers or copblymers. Typically, the electron
donor is an organosilicon compound. Examples of suitable electron
donors useful in "the present’ invention are methyl cyclohexyl
dimethoxysilane (MCHDMS), diphenyldimethoxysilane (DPDMS),

.dicyclopentyl dimethoxysilane (DCPDMS), -isobutyltrimethoxysilane

(ABTMS), and p-propyl trimethoxysil.ane'.(NPTMS). .Other exampies of
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electron donors are dis.clo‘sed'i_rl U.S. Pat. Nos. 4,218,339; 4,395,360;

4,328,122; 4,473,660; 4,562,173 and 4,547,552, each of which are

hereby incorporated by reference in their entirety.

The solid olefin polymerization catalyst may be used in slurry,
liquid phase, gas phase and liquid monomer-type reaction systems as .
are known in the art for polymerizing olefins. PolYmerization
preferably is conducted in a fluidized bed polymerization reactor,
however, by contmuously contacting an . alpha olefin ‘having 2 to 8
carbon atoms with the components of the catalyst system, i.e, the sohd
procatalyst component, cocatalyst and optional SCAs. In acoordance
with the process; discrete 'qurtiens of the catalyst compenents can be
continually fed to the reaetor in eatalytically effective amourits
together with the ‘alpha-oleﬁn while the polymer product is continually
removed during the continuous _process.  Fluidized bed reactors
smtable for contmuously polymerizing alpha-olefins - have been
previously described and are well known in the art. Fluidized bed

reactors useful for thls purpose are descnbed e.g., in U.S. Pat. Nos..

- 4,302, 565 4,302,566 and 4303 771, the disclosures of which are

incorporated herein by reference Those skilled in the art are capable
of carrymg out a fluidized bed polymenzatmn reaction using the -
guldehnes provided herein. '

It is preferred sometimes that such fluidized bede'are operated

‘ using a recycle stream .of unreacted monomer from the fluidized bed -

reactor. In this context, it is preferred to condense at least a portion of
the recycle stream. Alternatively, corrder_lsation may be induced with a
liquid solvent. This is known in the art as operating in “condensing
mode. " Operating a fluidized bed'reactor in condensing mode generaJJy
is known in the art and descnbed in, for example, U.S. Patent Nos.

4,543,399 and 4, 588 790 the d1sclosures of which are incorporated by

.reference herein m_‘the1r entirety. .The use of condensmg mode has



WO 01/48038 PCT/US00/35379

10

15

.20

25

30

-30-

been found to lower the amount. of xylene solubles in isotactic

_polypropylene and improve catalyst performance when . usfng the

catalyst of the present invention. _ .

' The catalyst c;)mposition may be used for the polymerization of
olefins by any suspension, solution, s_lurry, or gas phase process, using
known equipment and reaction conditions, and is not limited to any
specific type of reaction system. Generally, olefin polymerization
temperaturés range from about 0°C to about 200°C at atmospheric,
subatmospheric, or superatmospheric pressures. Slurry or solution -
polymerization  processes may utilize subatmospheric  or
superatmospheric pressures and temperatures in the range of about
40°C to about 110°C. A useful liquid phase polymerization reaction
system is described in U.S. Patent 3,324,095. Liquid phase reaction
systems generally comprise a reactor vessel to which olefin monomer
and catalyst cémposition are added, and which contains a liquid .
réactidn medium for dissolving or suspending the polyolefin. ' The
liquid reaction mediﬁm may consist of the bulk liquid monomer or an
inert liquid hydrocarbon that is nonreactive under the polymerization
conditions employed. Alfhough such an inert liquid 'hydrocari)on néed
not function as a solvent for the catalyst composition or the polymer
obtained by the process, it usually serves és solvent for the monomers
employed in the polymerization. Among the inert liquid hydrocarbons
suitable for this purpose are isopentane, hexane, cyclohexane, heptane,
benzene, toluene, and the like. Reactive contact between the olefin
monomer and the catalyst composition should be maintained by
constant stirring or agitation. The reaction medium contaixiing the
olefin polymer product and unreacted 6leﬁn monomer is withdrawn
from the reactor continuously.. The olefin polymer product. is
separated, and the unreacted olefin monomer and ligquid reaction

medium are recycled into the reactor.
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Preferably, gas phase' i)blymerization is employed, with
superatmospheric pressures in the range of 1 to 1000, preferably 50 to
400 psi, most preferably 100 to 300 ps1 and temperatures in the range -
of 30 to 130°C, preferably 65 to 110°C. Stirred or ﬂuld_lzed bed gas
phase reaction 'systems .a‘re particularly useful. Generally, a
conventional gas phase, ﬂmdlzed bed process is conducted by passmg a
stream contalmng one or more olefin monomers contmuously through
a fluidized bed reactor under reaction conditions and in the presence of
catalyst composition at a velomty sufficient to maintain a bed of sohd
particles in a suspended condmox;. A stream containing unreacted
monomer is withdiawh' from the- reactor continuously, compressed,
cooled, optionally fully or partially condensed as disclosed in U.S.-
Patent Nos. 4528 790 and 5462 999, and recycled to the reactor.

Product is w1thdrawn from the reactor and make- -up monomer is added

to the recycle stream. As desired for temperature control of the
system, any gas inert to the catalyst eompositien and reactants may
also be.present in the gas stream. . In addition, a fluidization aid suCh_
as carbon black, silica, clay, or talc may be used, as dlsclosed in U.S.
Patent No. 4,994,534. .

‘Polymenzatlon may be carried out in a single reactor or in two
or more reactors in series, and is conducted substantially in {;he :
absence of catalyst . poisons. Organometallic ' compounds may be
empleyed as scavenging agents for poisons to increase the catalyst
activity. Examples of s'cairenging agents are metal alkyls, prefei-abl& .
aluminum alkyls, most p'referably triisobutylaluminum.

The preciee procedures and conditions of the polymerization are
broadly conventional but the oleﬁn poiymerization process, by virtue of

the use therein of the polymenzatlon catalyst formed from the solid

- precursor, prowdes polyoleﬁn product having a relatively hlgh bulk

density in quantities .that; reflect the‘relatlvely high productivity of the
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olefin polymerization catalyst. In addition, the polymeric products
produced in the present invention have a reduced level of fines.
Conventional additives may be included in the process, provided
they do not interfere with the operatioﬁ of the catalyst composition in
forming the desired polyolefin. When hydrogen is used as a chain
transfer agent in the process, it is used in amounts varying between
about 0.001 to about 10 moles of hydrogen per mole of total monomer
feed. Also, as desired for temperature .control of the system, any gas
inert to the catalyst compositioh and reactants can ajso be present in
the gas stream. o »
The polymerization product of the present irllvention can be any
product, homopolymer, copolymer, terpolymer, and the like. Usually;
the polymerization product is a homopolymer such as. polyethylene or
polypropylene, particularly polypropylene. Alternatively, the catalyst
and process of the invention are useful in the production of copolymers
including - copolymers of ethylene and propylene such as EPR" and
polypropylene impact copolymers when two or more olefin monomérs .
are supplied to the polymerization process. Those skilled in the art are
capable of carrying out suitable polymerization of homopolymers,
copolymers, terpolymers, etc., uéing liquid, slurry or gas phase reaction
conditions, using the guidelines provided herein. '
' The invention now will be explained by reference to the non-

limiting examples noted below.

EXAMPLES
The foliowing defined terms will be used in the examples.

© Glossary ‘
Density in g/ml was determined in accordance with ASTM 1505, -

based on ASTM D-1928, procedure C, plaque pi‘epa;'atidn. Aplaque
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was made and conditioned for'o"n_e hour at 100°C to approacﬁ
equilibrium cryétal]inity, nieasureinent for density was then made in a
density gradient column. '

MMAO is a solutlon of mod1ﬁed methyl alummoxane (type 3A)
in heptane approximately 2.3 molar in aluminum, available from Akzo '
Corporation. L o

PDI stands forv Pclydisbersity Index, which is equivalent to
Molecular Weight Distribution‘_Man). PDI was determined by size

exclusion chromatogfaphy (SEC) 'usi'ng crosslinked polystyrene .

" columns; pore size éequexice' 1 cclumﬁ less than 1000 A 3 columns of

mixed 5 x 10‘7 A, 1, 2 4. tnchlorobenzene solvent at 140°C with

reﬁ'actlve index detection.
MI is the melt index- (optionally termed I9), reported as grams '

per -10 mmutes, determmed in accordance with ASTM D-1238,
condition E, at 190°C. '

FI is the flow index (optlonal]y termed Ioy), reported as grams

_per 10 mmutes determmed in accordance with ASTM D-1238

condition F, and was measured at ten times the weight used in the

melt mdex test.
A third index, termed 15, was measured under the same

conditions as the MI and FI, except that 5.0 Kg weight was used
MFR is the melt flow ratlo whlch is the ratio of flow index to

~ melt index. It is related to the molecula.r weight distribution of the

po'lymer .
Act1v1ty 1s given in Kg ‘polymer/g catalyst/hour/100 psi
ethylene.
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Example 1 :

Preparation of the'self supported cycloalkadienyl Hf/Zr
catalyst '

A mixed magnesium-hafnium-zirconium alkoxide complex was

prepared as follows.

SMg(OEt); + 0.55HfCly + 040Zr(OBuw)y + 0.16Zr(OEt), +
0.1 HOCgH,COoMe + S38EtOH >

HfCly4 (4.40 g, 13.75 mmol), Zr(OEt)4 .(1.02g, 3.75 mmol) and
Zr(OBu)4 (4.40 g, 87.5%, 10.0 mmol) were mixed with ethanol (5.6 ml,
4.4 g, 95 mmol) in an 8 ounce bottle, and then methyl salicylate (0.38

g: 2.5 mmol) was added and the mixture allowed to stir overnight at
room temperature to obtain a straw yellow solution. To the bottle was
added 70 g of chlorobenzene followed by Mg(OEt)z (8.58 g, 75 mmol)

followed by another 30 g of chlorobenzene. The bottle was placed in a
100°C oil bath and stirred for 120 minutes at 440 rpm whereupon all of
the magnesmm ethoxide granules appeared to have dissolved. The
bottle cap was removed and a gentle flow of nitrogen passed over the
reaction until about 8% of the solvent had evaporated. The mixture
was transferred to a glovebox and filtered warm. The solids were
washed once with chlorobenzene and twice with hexane, and then
dried under moving nitrogen. Obtained were 11.2 g of white poWder

composed predominately of white granules between 5 to 15 microns in

_ diameter.

To 1.12 g of the above-prepared mixed magnesium-hafnium-
zirconium alkoxide complex (~1.3 mmol of Zr + Hf) slurried in 15 ml of
toluene were added 0.58 g of indene (5 mmol). Over the course of 2

minutes were added 2.9 ml of MMAO/heptane solution (5 mmol Al).
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The pale yellow slurry was filtered after stirring overnight. The solids

were washed once with toluene then three times with hexane and dried.

under moving m'trogen to yield 1.24 g of cream colored Eybrid catalyst -
powder. A catalyst sample was prepared for polymerization testing by

mixing 200 mg of the powder into 20 ml of KAYDOL® oil.

Polymerization of the self supported cyclealkadienyl
catalyst _ .

To a one liter stainless steel reactor, contammg 500 mJ of
hexane and 5 ml of 1- hexene, were added 12 standard cubrc

centimeters’ (SCC) of Hy (1.0 psi partial pressure) The mixed Hf/Zr
catalyst sample prepared above (0.6 ml of 1.2% slurry) and MMAO

(1.74 mmol of 1.74 M heptane solution) were mixed in a 50 cc bomb

and then injected into the reactor (after standing 90 minutes) using

_ ethylene pressure and about 20 ml of hexane. After poljine_rizing for

60 minutes at 85°, while adding ethylene on demand to keep the total
pressure at 181 psi, the reaction was extinguished by injecting 2 ml of
isopropanol. Catalyst decay rate had been 23%/20 minutes. The
collected polymer was allowed to air dry overnight before
characterization. Obtained were 77.3 g of polymer with Ig of 0.47

dg/min and flow index (I]) of 3.66 dg/min. SEC revealed a

symmetrical curve with Mw/Mn = 4.5.

Example 2
A magnesium zircorn'um alkoxide complex was prepared as
follows: ‘ |
Preparation of Mg and Zr-containing precursor

A magnesium and zirconium-containing precursor was prepared

via the following reaction:
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3Mg(OEt); + 0552rCl; + 040Zr(OBu)y + . 0.15 Zr(OEt)y '+
0.05 H006H40020Me .+ 4.8 EtOH escccecnes >
A, About 32.0 grams of ZrCl4 (138 mmol), Zr(OEt)4 (10.2'g,

37.5 mmol) and Zr(OBu)4 (44.0 g, 87.5%, 100 mmol) were mixed with
71 ml of Ethanol (55.5 g, 1.2 mol) in a quart bottle. Methyl salicylate

(1.9 g, 12.5 mmol) then was added and the mixture stirred overnight

at room temperature (solutjon gets warm) to obtain a yellow to dark-
brown solution '(soh'ds were totally dissolved). The solution was
diluted with 660 g of chlor'oBenzene. ‘The bottle was given a quick
purge of nitrogen, capped tightly and piaced in a silicone fluid (PDMS, .
20cs) bath which was heating to 75° and stirred at 440rpm. When the
material temperature reached 6560, Mg(OEt)o (85.8. g, 760- mmol)
was added. After 3 hours at’ 75° all of the magnesium ethoxide
granules appeared to have dissolved to prdduce "a homogeneous
translucent slurry. A gentle nitrogen flow was started and continued
for about 4 hours (until 10-16% of the solvent has evaporated).
Heating was then terminated and the reaction mixture was allowed
to stir and cool overnight.

The mixture was transferred to a glovebox and filtered using a

600 m]l medium frit and a 1 liter vacuum flask. The bottle was rinsed

with 200 ml of chlorobenzene which was then used to wash the solids.
The solids were then washed 3 times with 250 ml of hexane and sucked
dry to produce 88.4 g of dense white powder composed of 12-24 pm
translucent granules. SEM anélysis revealéd the granules to be
composed of short, wide platelets.  Analysis of the solid material
revealed that it contained about 13.9% Zr, and 13.5% Meg.
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The reaction was repeated inab gallon vessel utilizing about

650 g of ZrCly  (and with all other reaéents_ scaled accordingly) to
produce about 2 Kg of white granular powder." .

Preparation of the self supported cycloalkadienyl . Zr
catalyst S

To 33.04 g of the magnesium-zirconium alkoxide complex
prepared in accordance with Example 2 above (50.3 mmol of Zr)-
slurried in 100 ml of toluene were added 17.7 g of 99% indene (152
mmol). Over the course of 5 minutes were ‘added 115 ml of
MMAO/heptane solution (200 mmol Al). The rust brown slﬁrry was
ﬁltere& after stirring overnight. The solids were washed twice with
toluene then twice with hexane and dried under moving njtroggn to
yield 40.65 g of tan colored catalyst powder. A catalyst sample was
prepared fdr polymerization testing by ﬁbdng 200 mg of the powder
into 20 ml of Kaydol oil. ' '

Polymerization of the self supported cyéloa'lkqdienyl Zr
Catalyst - j ‘ |

. To a one liter stainlesé steel reactor, containing' 500 mi of .
hexane and 5 ml of 1-hexene, were added 11 standard cubic .
centimeters (SCC) of Hg (0.9 psi paftial pressure), 0.1 ml of 0.8‘65“ M
triisobutylaluminum/heptane and 1.0 ml of MMAO (1.74 mmol of 1.74
M heptane solution). The self supported catalyst sample prepared
above (0.5 ml of 1.2% slurry) was placed in a 50 cc bomb and then
injected into the reactor using’ ethylene pressure and about 20 ml of
hexane. After polymerizing for 30 minutes at 65°, while adding
ethylene on demand to keep the total pressuie at 103 psi, the reaction
was extinguished by injecting 2 ml of isopropanol. Catalysf decay rate -



10

15

.20

25

WO 01/48038 PCT/US00/35379

-38-

had been 22%/20 minutes. The collected polymer was éllowed to air
dry overnight before characterization. Obtained were 42.4 g of
polymer with I5 of 0.79 dg/min and flow index (I2]) of 6.41 dg/min.

SEC revealed a symmetrical curve with Mw/Mn = 4.2. The SEC of this
polymer is shown in FIG. 1. o
The polymenzatlon was repeated using a heptane slush of
ethylal\;mmoxal_xe (from - Ethyl Corporation) to- replace the
methylaluminoxane (2 mmol Al). About 13 g of polymer were obtained.
This example and example 1 reveal f;hat a self-suﬁported
cycloalkadienyl qatéiyst can i)e pxepéred that produces a polyolefin

having a broad molecular weight distribution.

Example_S .
Preparation' of the self-supported hybrid catalyst

About 2.298 gm of the self supported cycloalkad1eny1 Zr catalyst
prepared 'in Example 2, was slurned in 10 ml of hexane. Over the
course of about 2 minutes, 11 ml of a solution composed of 20% SiCl4 + .

5% 'I&C}4 + 75% toluene was added. The resulting dark brown slurry

was stirred at room tempei'ature for about an two hours then the solids
collected by filtration. The solids were washed three times with -
hexane and dried under 'moviﬁg nitrogen to yield 2.658 g of brown
powder. About 1.355 g or the brown powder was slurried in 5 ml of
hexane then 5 ml of SiCly/TiClg/toluene was added and the mixture

stirred for 30 minutes and the solids collected by ﬁltrétion. The solidé
were washed once with toluene then three times with hexane and &ﬁed
under moving nitrogen. The yield of brown powder was 1.34 g. A
sample was prepgréd‘for. polyni:erizatioh testing by mixing 100 mg’ of
the powder into 20 m] of Kaydol 6i1. o
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Polymerization of the Hybrid Catalyst
To a one liter stainless steel reactor, containing 500 ml of -

hexane and 5 ml hexene, were added 101 SCC of Hg (1.3 psi partial -

pressure). First TIBA .(0.1 ml of 0.865 M heptané solution) then
MMAO (1.74 mmol of 1.74 M heptane solution) were' injected by
syringe. The hybrid catalyst sample prepared ébove (0.5 ml of 0.6%
slurry) was injected from a 50 ml bomb using ethylene pressure and
about 20 ml of hexane. After polymerizing for 30 minutes at 65° while
adding ethylene on demand to keep the total pressure at 103 psi, the '
reaction was extinguished by injécting 2 ml of isoj)ropénol. The
collected polymer was allowed to air dfy overnight befofe
characterization. Obtained were 54.2 g of polymer with I5 of 0.32
dg/min and flow index (Ig1) of 6.62 dg/min. SEC revealed a two-

humped curve with Mw/Mn = 18.7. The SEC is shown in FIG. 2.

Example 4 :
Prepdration of Athe self supported cycloalkddie‘nyl . Zr.
catalyst | : o ‘
Into 200 ml of hexane were slurried 42.9 g the magnesiﬁm-
zirconium alkoxide complex prepared in accordance with Example 2

above. With stirring, 220 ml of 20% SiCl4It61uéne were slowly added.
The slurry was filtered after stirring for 2 hours in a 60° oil bath. The
solids were washed three times with hexéne 'énd dried under moving
nitrogen to obtain 39.9 g of white catalyst précursor powder.

To 3.28 g of the above described SiCly treated magnesium-
zirconium alkoxide complex (~5.0 mmol of Zr) slurried in 10 ml of
toluene were added 1.16 g of indene (10 mmol). Over the course of 2

minutes were added 5.75 ml of MMAO/heptane solution (10 mmol Al).

The reaction proceeded in accordance with the .equation below,
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whereby component A is the magnesium zirconium alkoxide complex,

and component B is the self supported cycloalkadienyl Zr catalyst.
A+-2.0 + 2.0 MMAQ  -esecemeememeecns > B

The dark brown slurry was filtered after shaking overnight. The solids
were washed qncé with toluene fheﬁ twice with hexane and dried -
under moviﬁg nitrogen to yield 8.27 g of khaki hybrid catalyst powder.
A catalyst s_ample was préparédi.for polymer_ization testing by mixing
200 mg of the powder into 20 ml of«Kaydol> oil.

Polymerization of thé'self sdpported cycloalkadienyl Zr_
Catalyst: '

To a one. liter stainless_- ‘steel reactor, containing 500 ml of
hexane, were added 40 SCC of Hg (2.2 psi partial pressure). MMAO
(1.74 mmol of 1.74 M heptang‘sdiﬁtion) was injected by syringe. “The
hybrid catalyst sample prepared above (1.0 ml of 1.2% élurry) was

" injected from a 50 'ml bomb using ethyléne pressure and about 20 ml of

hexane. After polymerizing for 30 minutes at 85°, while adding
ethylene on demand to keep the tofa'l pressure at 156 psi, the reaction
was extinguished By injecting 2. ml of isopropanol. The collected
polymer was aJlov;red to air dry overnight before characterization.
Obtained were 56.7 g'of polymer'witﬁ melt index (I9) of 0.48 dg/min, I5
of 1.08 dg/mm and flow mdex (121) of 9.63 dg/min (MFR = 20). SEC
revealed a symmetncal curve with Mw/Mn 15.4.

This example" reveals that broad and bimodal polyoleﬁn can be
produced by using a self-supported hybrid catalyst whereby the mn_xed
metal alkoxide component is moc_liﬁéd first to form a Ziegler-Natta
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catalyst component, and then this component is reacted with the Cp

component to form the self-supported hybrid catalyst.

Example § _ . _

Preparation of the -sélf ' suppbrted cycloqlkddieny{ Zr.
Catalyst s .

To 33 g of the magnesium-zirconium alkoxide complex prepared
in accordance with Example 2 above (50 mmol of Zr) slurried in 100 ml
of toluene were added 177 g of mdene (152 mmol). Over the course of 4
minutes were added 115 ml of MZMAO/heptane solution (200 mmol Al).
The rust brown slurry was ﬁltered after stirring overnight. The solids
were washed twice with: toluene then. twice with hexane and dried

under movmg mtrpgen to yield 40.65 g of tan hybrid catalyst powder.

Preparatlon of Hybrzd Catalysts A

Several samples of self supported cycloalkad.lenyl Zr catalyst
prepared as above were modified. by shaking, overnight, with small
amounts of TiCly (0.1 - 0.8 'I‘i/Z-rAas shown in Table 1 below) in a
mineral oil slufry‘. ':Poly.mériza't'iops were carried out as in Example 3
except that the amount of hydrogen used in each run was varied so as .

to obtain polymer with flow index near 8. The -goal was to add enough

TiCly, as the high MW producing Ziegler-Natta catalyst species-

containing agent, in order to obtain polymer with I3/I5 near the

target of 20. The polymerization results for the different levels of
TiClyg used are shown in the table below. An optimum in the I23/15

value is seen at Ti/Zr ~ 0.26, which is shown in Figure 3
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TABLE 1
Kg PE/g cat .
Cat # TVZr psi Hg /hr/100 psi ) 191715

5B (150 Al) 0 1.8 8.1 : 9

5C (150 A)) 0.13 9.1 ) 20.7 soup (47 MFR)

5F (150 Al) 0.26 8.9 16.2 >20
S§D(TIBA/MMAQ) 0.39 314 7.4 6 (16 MFR)

6D (75 Al 0.39 308 11.7 9

5D (150 A 0.39 31.3 14.0 14

5D (300 Al) . 0.39 35.6 18.9 16

5E (150 Al) 0.79 35.6 - 16.0 11

5E (300 AD) 0.79 44.2 22.6 16

.10
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20

25

This example reveals that broad molecular weight distribution
and i)imodal polyolefin can be produced by using a self-supported
hybrid catalyst whereby the mixed metal alkoxide component is'v
reacted with the Cp component, and this component is modified to form
the self-supported hybrid catalyst.

Example 6

Preparation of the self supj)qrted cycloalkadiene Zr
Catalyst .
| To 50.25 g of the magnesium-zirconium alkoxide complex
prepared in accordance ‘with Example 2 above (76.6 mmol of Zr)
slurried in 150 ml of toluene were added 28.77 g of 99% indene (248
mmol). Over the course of 4 minutes were added 174 ml of
MMAO/heptane solution (348 mmol Al). The rust brown slurry was
filtered after stirring overnight. The soﬁds- were washéd twice with
toluene then twice with hexane and dried under moving nitrogen to

yield61.5 ¢ of khaki colored catalyst powder.

Preparation of the Hybrid Catalyst
About 51.3 gm of the khaki colored catalyst powder was slurried

in 255 ml of hexane. Over the course of about 2 minutes, 168 ml of a
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solution composed of 20% S'iCl4. + 5% TiCl4 + 75% toluene was added.

The resulting dark brown slurry was shaken for about an hour then |
the solids collected by ﬁltratmn The solids were washed once with a
50/50 mixture of hexane and toluene then three times with hexane and
dried under moving nitrogen to yleld 57.4 g of red-brown powder. The
red-brown powder was slurried' in 250 ml of hexane and treated W1th a :
second 168 ml of SlCl4/'I‘1014/toluene as before. The yield of dried

brown powder_was 62.6 g.’ Elemental.analysis revealed the povlrder
composition to be 7.30% Zr, 6.23% Al, 7.39% Mg and 5.28% Ti. A
sample was prepéred for polyrneriiatioh testing by mixing 20 g of the
powder into 54.2 ml of Keydol oil. ' |

Polymeriza‘ti‘on of the Hybrid Catalyst (in gas phase/stirred
bed) L o

Copol&merization of ethylene ar_1d hexene was conducted in a
stirred bed gas phase reactor with MMAO as the cocatalyst. | Ethylene
flow was adjusted to be in the range of about 5 to 7 pounds per hour.
The polymer prorluoed -at a .reactor pressure A of 300 psig and -
temperature of 85 C with approxnnately 4500 ppm hydrogen exhibited
a bimodal molecular weight distribution as demonstrated by SEC with .
Mw/Mn = 61.7. The SEC is shown i in FIG. 4.

Example 7

Preparaiion of thé self supported cycloalkadiene Zr

Catalyst . - B .
About 1500 g of the Mg and Zr-containing precursor of Example

2 was slurried into 3 kg of foluene in a 5 gallon reactor. While stirring

at 25 to 30°, about 1260 g of 99% mdene were added. To that was

added about 4.7 Kg of 18 3% MMAO/1sopentane (1% Al by weight).
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The mixture was stirred for about 12 hours at 25 to 30° then the solids
collected by filtration. The solids were waéhed once with about 6 Kg of
toluéne then twice with about 6 Kg of heptane and once with
isopentane then dried under moving nitrogen. Obtained were ‘about
1750 g of light brown powder which analyzed as 10.7%Zr, 9.28%Mg,
12.8%Al and 8.77%Cl. ) ' '

About 1700 g of that light brown powder was slurried into 5.3 kg
of toluene in a 5 gallon reactor. While sﬁrring at 25 to 30°, about 935 g
of 99% indene were added. - To that was added about 3.5 Kg of 18.3%
MMAO/lsopentane (7% Al by weight). The m1xture was stirred for
about 12 hours at 25 to 30° then the solids collected by filtration. The
solids were washed twice with about 6 Kg of toluene then twice with -
about 6 Kg of heptane and once with isopentane then dried under
xﬁoving nitrogen. Obtained were about 1870 g of brown powder which,
analyzed as 7.39%Zr, 7.53%Mg, 16.6%Al and 7.60%Cl.’

Preparation of the Hybrid Catalyst

About 580 gm of that cycloalkad1ene Zr catalyst powder was
slurried into. 1.3 1 of hexane. Over the course of about 2 minutes, a
solution composed of 118 ml SiCl4 + 25.3. ml TiCly + 640 g toluene
toluene was added. The resulting dark brown slurfy was shaken for
about two hours with occasional venting to release some small amount
of gas which formed. -The solids were then collected by filtration. The
solids were washed twice with a 50/50 mixture of hexane and toluene
then twice with hexane and dried under moving nitrogen. That red-
brown powder was slurried in 1.4 1 of hexane and treated with a second

solution composed of 131 ml of SiCly, 28.1 ml of TiCly and 750 ml of

toluene as before. The yield of dried brownApov{rder was 661 g
Elemental analysis revealed the powder composition to be 6.01% Zr,"
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14.9% Al, 6.63% Mg and 3.79% Ti. A sample was prepared for
polymerization testing by mixing 600 g of the powder into 1543 gm of
Kaydol oil. C

Polymerization of t.he‘Hyhrid Catalyst

About 100 pounds of pblyéthylene having a melt index of 1.0
gram per 10 mmutes and a denS1ty of 0.920 gram per cubic centimeter
are charged to the reactor as a seed bed. Comonomers were ethylene
and 1-hexene. The reactor was then purged with high purity nitrogen
at 80 degrees C for several hours until the moisture content was below
3 ppm. The reactor was then glven 2 high pressure purges w1th
nitrogen, and the  conditions set forth in Table 2 were established m'
the reactor: '

' fl;able '2'

temperature (°C) , 90
pressure (psia) a 300
C2 partial pressure (ps1) 80
H2/C2 molar ratio - 0.02
C6/C2 molar ratio 0.005
isopentane (mol %) 12
gas velocity (ft/sec) - 1.7

Approximately . 150 cubic -centimeters per hour of 4 weight
percent MMAO in isopentane .Were fed to the reactor to serve as
cocatalyst. Then, the 28% hybrid catalyst/mineral oil feed fvas
initiated at the rate hf 6 cubic centimeters per hour using a slurry
catalyst feeder. The catalyst feed rate to the reactor was manipulated
to result in a production rate of 30 phunds per hour of resin. In order
to maintain a constant aluminum-to-titanium ratio, 25 cubic
centimeters per_ho'u; of MMAO solution was fed to the reactor for each

cubic centimeter per hour of cdtalyst; fed. The Ho/Cg molar ratio ahd
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Cg/Cg molar ratio were manipulated in the reactor to result in a resin

~ with a flow index of 7 to 10 decigram per minute and a d.ensity of 0.946 -

to 0.950 gram per cubic centimeter. The target for the split in the
resin exiting the reactor was 60/40 (weight percent), ie., 60 percent
high molecular weight resin and 40 percent low molecular weight
resin. This was accomplished by manipulating the AVTi ratio, the
po’lymerization temperature and the ethylene partial pressure. Over
the course of a six hour span, the bulk resin properties-are set forth in
Table 3 as follows. . The SEC curve shown in FIG. 5 clearly indicates

that a bimodal product was obtained. .

Table 3

flow index (g/10 min) 7-10
average flow index (g/10 min) | 24.04
density (g/cc) .| 0.954 to

‘ . 0.956
average density 0.955.
melt flow ratio (121/12) 300 .

lit (high Mw/Low Mw) 51/49

Comparative Example

This comparative example will illustrate tﬂat éuppqrting a pre-
formed mono-Cp zirconium catalyst- upon a magnesium alkoxide
support severely decreases catalyst productivity. - In contrast, the
examples of the present invention where the Zr is incorporated into the
support before the Cp. group is added, exhibit far superior
polymerization activity. A a -

Preparation of Catalyst

Preparation of a controlled morphology magnesium alkoxide support.
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Crystalline [Mg4(OMe)g(MeOH)10}Brg was prepared from
bromine and magnesium methoxide essentially 'aécordjng to the-
procedure of Example 67 in U.s. Patent No. 4,806,696.

Partlal desolvatlon of the magnesium alkoxide support ,
Approximately 15 g of the crystals (~ 19. 7 mmol Mg) prepared
above were slurried in 150 ml of cyclohexane along with 2.1 g of
tetraethoxysilane (10 mmol). The mixture was stirred in a 120° oil-
bath, under a gentle nitrogen stream, until 15% of the solvent has
evaporated. .The éolids ,- were collected by ﬁltratidn, washed with
hexane and dried under moving nitrogen to yielci 13.2 glfof granular

powder. This corresponds to a loss of aboﬁt_ 3 equivalents of methanol.

Impregnation of ‘maghesium alkoxide support wjth single site cataiyst.

About 4.37 g of the partially desolvated sﬁpp(‘)rt prepared above
was placed in a 60 ml, medium porosity fritted funnel. To this was
added, dropwise, 1.23 g of a 58% solution of -butylcyclope_ntadieﬁyl :
zirconiumtrispivalate - {C4HgCsH4Zr(0OgC4Hg)g} in toluene (prepared
according to procedures outlined in U.S. Patent No. 5,'527,752). The
crumbly solids were agitated gently for about 5 iniilutes to ensure that
all of the powder was wetted. A stream of dry nitrogén was then
passed through the solids fdr about 40 minutes to.obtain 4.97 g of an
off-white, free flowing powder. A slurry of 165 mg of the powder in 20

ml of mineral oil was prepared as a sample for polymerization testing.

Ethylene polymerization .
Approximately 3.0 ml of the above slurry (about 5.43 micromole
Zr) was utilized along with 2.0 ml of 1.73 M MMAO, (3.48 mmol Al) in a.

slurry polymerization (as described in the inventive examp'l_es 'above
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except no hydrogen was added and only 10 ml of hexene was used) to

" produce 40.25 g of efhylene copolymer. The productivity was only 7.4

Kg/mmol Zr/l(.)0. psi/hour. The MFR was 17. This corresponds to a
productivity of less than half that expected for the unsupported
catalyst. -

Example 8

Preparation of the self suppor;ted cycloalkadiene Zr
catalysts ' '

Abéut' 33¢g of the Mg and Zr-containing magnesium-zirconium
alkoxide oomplei prepai‘ed as in example 2 above (containing about 5
mmol of Zr) was slurried in 10 ml of toluene then treated with 11.5 ml -
of a heptane solution of MMAO (about 20 mmol of Al) and about 15
mmol of a cycloalkadiene chosen from fhe following Table. The dark
colored slurry was filtered after shaking overnight. The solids were
washed twice with toluene and twice vwith hexane then dried under
movingnitrogen. Polymerization samples were prepared .by mbﬁng
200 mg of each catalyst into 20 ml of Kaydol oil. '

Polymeriza'tion_ of the self supported cycloalkadienyl Zr
catalyst ' ' '

Polymerizations were carried out in a 1-liter reactor in hexane
slurry, according to the procedure outlined in Example 2. The
productivity (expressed as a fraction of the productivity of the SSCC
catalyst of Example 2), flow index (Ig]), and flow ratio (121/15)‘ are

presented in Table 4 below.
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Table 4
Ligand Relative PE yield flow index I21/15
Indene 5 1.0 . 8 9 -
1,2,3,4,5-pentamethylcyclopentadiene 0.1 - -
trimethylsilylcyclopentadiene - 0.47 13 9
diphenylfulvene 0 - -
1,2-bisindenylethane 2.6 . 109 8
2-methyl-indene ' 0.1 R - -
trimethylsilylindene 1.1 _ : 8
bis(indenyl)dimethylsilane 0.48 13 8
indene + 2-phenylindene mixture 09 - 3 6 -
7

Example 9 _ _

.Self supported cycloalkadienyl catalysts were prepared
according to the procedure of Example 2 except that various mixed
magnesium/metal alkoxide compiexes shown in the Table below were
used instead of the magnesium-zirconium alkoxide complex of Exaﬁple
2. Polymerizations in hexane slurg were attemptea as de,écribed in

Example 2. The results are shown in the following table 5.

Table 5
Precursor " Relative PE yield ﬂ@m
I21/15
magnesmm-hafmum-tltamum . <
zirconium ethoxide 0.76 4 T
magnesium-hafnium ethoxide- ~ 0 - .
magnesium-tantalum-zirconium ethoxide 0.66 ' ~9. 10

magnesiium-tin(iv)-zirconium ethoxide 0.13 - -
magnesium-hafnium-titanium ethoxide  0.03 - -

While the invention has been described in detail with reference

‘to particularly preferred embodiments, those skilled in the art will

appreciate that various modxﬁcatlons can be made to the invention

without significantly departmg from the spmt and scope thereof. Al
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documents described herein éfe incorporated by reference in their

entirety.
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What is claimed is:

' 1) - A solid catalyst component for the polymerization of olefin
monomers comprising: = (i) a Ziegler-Natta catalyst component
compfising at least one group IVB metal-containing alkoxide or
aryloxide; and (i) Cp, where Cp is a cycloalkadienyl hydrqcarbon

having from 3-30 carbon atoms.

2) The solid. catalyst as claimed m claimr 1, wherein the
Group IV B metal is selected from the group consisting of T4, Zr, and

3) The solid catalyst as claimed in claim 1, wherein Cp is a

cyclopgntadienyl compound.

4) The solid catalyst as claimed in claim 3, wherein Cp is 6ﬁe ,
or more cyclopehtadiepyl compounds selected from the group cpnsisting
of cycolpentadiene, indene, butylcyclopentadiené, 1,2-
bis(indenyl)ethane, and mixtures thereof. - L

5) The solid catalyst as claimed in claim 1, wherein the
Ziegler-Natta catalyst component is a mixed metal alkoxide ‘(‘:omplex'
which is the reaction product of a magnesium alkoxide.or aryloxide and

at least one group IVB metél-confajning alkoxide or aryloxide.

6) The solid catalyst as claimed in claim 5, wherein the

mixed metal alkoxide complex is prepared by the following reaction

(8 +2) Mg(OR)g + b M1(OR)X, + cM2(OR");Xs + d (Clipper)
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wherea<1,b+c=1,d<1;p+q=4;r+s=4; M1, M2 are group IVB
metals; R, R', R" are alkyl or aryl; X, Y are halide, alkoxide, alkyl, aryl;
C]ipper is a species which is able to assist in the breakup of the

polymeric magnesium alkoxide or aryloxide.

)] A method of making a solid catalyst as claimed in claim 1
comprising:

reacting (i) a Ziegler-Natta catalyst component comprising at
least one group IVB metal-containing alkoxide or arylbxide, and (ii) a
Cp-containing complex in a suitable solvént to produce a mixture
containing the solid catalyst component; and

removing the solid catalyst component from the mixture..

8) The method as claimed in claim 6, wherein the Group IV

B metal is selected from the group consisting of Ti, Zr, and Hf.

9) The method as claimed in claim 6, wherein Cp is one or
more cyclopentadienyl compounds selected from the group consisting of
cycolpentadiene, indene, butylcyclopentadiene, 1,2-bis(indenyl)ethane,

and mixtures thereof.

10) A method of polymerizing at least one olefin comprising
contacting at least one olefin in the presence of the solid catalyst of
claim 1, an aluminum-containing compound and optionally, a

selectivity control agent.

11) The method as claimed in claim 9, wherein the olefin is
selected from the group consisting of ethylene, propylene, butylene,

and mixtures thereof.

SUBSTITUTE SHEET (RULE 26)
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